RESULTS
It was clear from the micrographs that the arterial supply to the atrio-ventricular, aortic, and pulmonary valves originated from terminal atrial and ventricular branches of the coronary arteries.
Atrio-ventricular Valves. (a) Tricuspid Valve. Of the 50 tricuspid valves examined, only 8 were shown to have vessels in their attached margin, and came from the age-group of 35-50 years. The picture was the same in these 8 cases: arterioles 40-80 V. in diameter lay in the attached margin of all the cusps and divided to distribute a capillary network in the proximal 3 mm. of the cusp (Fig. 1) . In this group no vessels could be demonstrated arising from the endocardial surface or along the chordc tendinee from the papillary muscles. It was found that when a cusp was vascularized, the adjacent cusps showed equal vascularity.
(b) Mitral Valve. Of the 50 mitral valves examined, 5 were shown to have vessels in their attached margins, and all these specimens came from hearts in which the tricuspid valve was vascularized. Both cusps were equally supplied, the picture consisting of arterioles, 30-60 ,x in diameter, which distributed a capillary plexus to the proximal 2 mm. of the cusps (Fig. 2) . No vessels were found in the chordc tendineae. Adjacent to the attachment of the chordae tendinem to the papillary muscles, arterioles, 60-80 V. in diameter, lay along the long axis of the papillary muscle in closely assembled parallel groups. On reaching the apex of the papillary muscle, the arterioles looped back on their course in a "hairpin" manner, an occasional vessel being distributed from the convexity of the loop for a short distance. This pattern was unchanged in the specimens showing vessels in the heart valves ( Fig. 5 ).
DISCUSSION
Staining methods are particularly suitable for investigating adaptive changes in vascular patterns under varying conditions, giving a true picture of the actual physiological state of the circulation at that time. Injection methods, in contrast, present the vascular pattern at its maximum capacity, and are suitable for purely anatomical investigations. Consequently, with the technical advantages of x-ray microscopy, the blood supply to the valves was studied by this method.
On the other hand, techniques that require staining of red cells depend upon the uniform filling of the capillaries with red cells at the time of death, and failure to demonstrate vessels by Pickworth's method (sodium nitroprusside and benzidene stain) may be due to lack of blood within the vessels. Demonstration of vessels by showing alkaline phosphatase in endothelial cells (Scharrer, 1950) does not allow the pattern of the vessels to be appreciated, in contrast to the routine x-ray micrograph.
The present study has shown that the atrio-ventricular, aortic, and pulmonary valves, may have blood vessels in their cusps.
As indicated by the x-ray microscope 16 per cent of the tricuspid valve cusps were vascularized, 10 per cent of the mitral, 24 per cent of the aortic and 24 per cent of the pulmonary valve cusps.
The criterion for regarding an area as avascular was the repeated failure to introduce the injection medium into vessels when capillary beds were filled elsewhere in the same specimen under similar conditions.
In any interpretation of a valve cusp being vascularized care must be taken to ensure that there is no histological abnormality in the specimen. In this series the cusps that were reported as vascular came from hearts with a negative clinical history, and where there was no histological evidence of the various degrees of healing that may occur after valvular endocarditis.
The observation by Winternitz et al. (1938) that vessels may originate from the endocardial surface of the valve cusps was not confirmed.
In contrast to the estimate by Gross (1921) that 6 per cent of the cusps of mitral valves were vlscularized, this series has shown that 10 per cent of mitral cusps possess blood vessels. The two figures are reasonably close, and it is suggested that the improved technique of x-ray microscopy may be demonstrating more vessels in contrast to the routine histological, injection, and clearing techniques used previously.
The "hairpin" pattern of the arterioles in the papillary muscles was characteristic. Though an occasional vessel arose from the convexity of the loop and approached the chord& tendineae for a short distance, no vessels could be demonstrated in the chordae.
As indicated by the x-ray microscope there was no evidence of alteration in the pattern of the vessels in the cusps that were vascularized with age.
SUMMARY
The blood supply to the valves of the heart and great vessels was studied by the Coslett Nixon X-ray projection microscope.
Vascularization was found in 16 per cent of the cusps in the tricuspid valve, in 10 per cent of the mitral cusps, and in 24 per cent of the aortic and pulmonary cusps.
A characteristic arteriolar pattern, which was "hairpin" in nature, was described in the papillary muscles.
I am indebted to the Medical Research Council who gave the X-ray microscope to the Anatomy Department, University of Glasgow.
